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EU?IQRATORYWEKMIX ANDMISSIIE-NOSE-SHAPE

TESTSINA 4,000°F SUPERSONICAIRWW

By PaulE.purserandRussellN.Hopko

STM’LARY

Someexploratorymaterialsandnose-shapetestshavebeenmadein
a smallsupersonicairjethawinga stagnationtemperatureof approxi-
mately4,000°F attheLsngleyAeronauticalLaboratory.Thematerials
consideredincludedgraphite,copper,csrbonsteel,sndstainlesssteel;
thenoseshapesticluded90°total.-snglecones,hemispherical-facecyl-
inders,sndflat-facecylinders.

Theteststidicatedthatgraphiteholdsmorepromiseas a heat-sink
materialthanithadpreviouslybeenconsideredto have.Thetestsalso
indicatedthatflat-facecylindersappesrto be subjectto approximately
one-halftheaerodynamicheatinputas arehemispherical-facecylinders.

INTRODUCTION

Earlyanalysessuchasreference1 indicatedthatonesolutionto
theproblemof survivalof a long-rangeballisticmissileduringatmos-
phericentrylayinushg high-dragshapessndthickskinswhichwould
absorbtheextremeaerodynamicheattiput.Sincethepublicationof
reference1,theNationalAdvisoryComitteeforAeronauticshasexpended
considerableeffort,bothanalyticalandexperimental,in= attemptto
determinethebestexternalshapeforthehigh-hagnoseandthebest
materialforthethickheat-sinknoseskinti inthedevelopmentof
researchequipmentwithwhichto attackthesetwoproblems.

Inthecourseofthisgeneralprogrsm,theLsngleyLaboratoryhas
designedandbuilt,on a laboratoryscale,a ceramicpebble-bedheat~
exchangerwhichsuppliesairatstagnationtemperaturesup to slightly
over4,0000 F to a smallMachnumber2 nozzle.Somerecentexploratory
materialsandnose-shapetestsinthishotairJethaveprotidedsome
qualitativedataconsideredtobe of sufficientinteresttowsrrant
immediatepublication.
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DESCRIPTIONOF4,000°F AIRJI!ll

Thelaboratory-scaleceramicheatexchangerconsists
mountedsteelshelJ2 feetindismeterand11feethigh.

.

b

ofa vertically
Theshellis

linedwithzirconium-oxiderefractoryblocks.A coreof zirconium-oxide
pebblesapproximately3/8inchindismeterformsa bed6 feetindepth
and8 inchesindiameter.A water-cooled,3/4-inch-dismeter,supersonic
nozzleismountedatthetop. A piston-actuatedmodel-supportsystemis
mountedabovetheheatexchanger.Thissystemeffectsa rapidentryof
themodelintothetestjet. Figure1 isa.photographof theceramic .-
heatexchangeranditsalliedequipment.

.—
.

Fueloilisburnedwithairandoxygen-togivet~ desiredflsme
temperature.Thehotcombustionproductsareforceddownthroughthe
bedduringthepebble-heatingcycle.Duringthe“blowClown”cycle,air
flowsthroughthepebblebedina paththereverseoftheheatingcycle
andexitsthroughthenozzle.Thestagnationtemperat”meoftheair
equalsthepebbletemperatureatthetopof“thebed,andduringa blow-
downthetemperatureofthebeddropsapproximately10°to 15°F per
seconddependingonthethoroughnesswithwhichthebedisheated.

Themsximumbedtemperaturetowhichtheheatexchangermaybe
utilizedislimitedby softeningand

?
“shmping”ofthe.~bbles.The

presentequipment,therefore,canprovideairstagnationtemperaturesup
—

to slightlyover4,000°F whichcorrespondsto sea-levelflightatMach h=
numbersupto about7. Theairforthejetissuppliedbythe100-pound-
per-square.-inchservicesystemwhichlimitstheMachnumbertO 2 whena
freejetisusedatatmosphericexitpressure;thejetvelocity,however,
isapproximately5,200feetpersecondwhen.thestagnationtemperature
is4,000°F. TheReynoldsnumberbasedonstreamcond~tionsbehinda
normalshockisabout2 millionperfoot.

.

RESULTSANDDISCUSSION

MaterialsTests

Background.-Manyinvestigatorshaveconsideredtheuseofgraphite
as a possibleheat-sinkmaterial,butnearlyallofthemdismissedthe
useof graphitebecauseoffearsaboutitsoxidationcharacteristics.
A recentinvestigationconductedbyMsxhneA.Fagetatthe@ley
Laboratory,however,indicatesthattheuqeofgraphiteholdsconsiderable
promiseforthefollowingreasons:Theremustbea balancebetweenthe
heattiputsor sources(aerodynamicheatingandoxidation)andtheheat
outputsor sinks(heatcapacity,radiation,qqd$forgraphite,thefieat u
of sublimation).Formanymaterialstherateofheatreleasedbyoxida-
tionisof thessmeorderofmagnitudeastherateofheatabsorbedby
thesublimationorfusion;xas~-ffwagraphitetheamountofheat

v
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releasedby oxidationmaybe fsrsmallerthantheamountabsorbedby
sublimationsothatthefavorableeffectsof sublimationshouldoutweigh
theunfavorableoxidationeffects.Also,becauseof itsrefractorynature,
graphitemaybe allowedtoreachhighertemperatureswhichwilldecrease
theaerodynamicheatinputandincreaseboththeradiativeheatoutput
andtheusableheatcapacityofthematerial.

Testresults.-In orderto obtaina betterunderstandingofthis
problem,models1 to 3 (seefig.2)weretestedintheairjetata
stagnationtemperatureof4,0(X)0F. Themodelswere90°total-angle
conesmadeofAGRgraphite,347stainlesssteel,sndSAE1018-1025csrbon
steel.As showninfigure3,thegraphitemodelsufferedfarlessdamage
in17secondsthendidthesteelmodelsinabout10 seconds.Itmight
benotedthatthesnnulsrdepressionseeninthesteelmodelsinfigure3
isprobablycausedbytheheatingbeimgmoreintenseintheregionwhere
thenozzle-exitshockintersectsthemodelsurfacetheninotherregions
onthesurface.

Furtherresesxch.-Attemptsarebeingmadeto improvegraphiteby
impregnatingitwithcompoundsthateithersublimeorbreskdownendo-
thermically.Inthefirstphaseofthisexperiment,a flat-facegraphite
modelwasimpregnatedwithsmmoniumchloride,whichsublimesatabout
1,000°F, andtestedinthehotairjetata stagnationtemperatureof* 4,C00°F. Whenthemodelwasputintothejet,itbeganheatingandthe
smmoniumchloridestatedto subltieandleavethecarbon.Becauseof

e theheatabsorbedby thesublimationprocessandtheactionofthesub-
limedmaterialas a transpiredcoolant,theimpregnatedmodelrequixed
‘5.9secondstoreacha tisibleglow,whereasem identicalunprotected
modelglowedin3.7seconds.Continuationof thistypeofresesrchwith
othermaterialswillbedesirablebeforetheresultscaneffectivelybe
evaluated.

Nose-ShapeTests

Background.-Forseveralyearsexperiencetithheat-transfermeasure-
mentsonhemisphericalnoseshasindicatedratherlowReynoldsnumbers
fortransitionfromlsminsrtoturbulentflowsnd,thus,fromlowto high
heat-transferratesonthehemisphericalsurface.Maximumnotedlocal
vsluesofthetransitionReynoldsnumberhavebeenoftheorderof 1 mil-
lionjandtheregionfromno to no aroundthenosefromthestagnation
pcd.ntappesrsmostsusceptibletotransition(see,forexample,ref.2).
In someunpublishedstudiesbyP.R. HilloftheLangleyLaboratory,
causesofearlytransitionweresoughtwhichmightbe fundamentallyasso-
ciatedwithgeometry.AmongthefactorsconsideredwerethelocalReynolds
numbersonthebody?rotationalflowbehindthebowshockanddisturbances

m inthelocalflowwhereitreachedtransonicspeedsinexpandingaround
thenose,sticethetroubleseemedtobeginat aboutthetransonicregion.
Theideaoftheflatfacetor@Wc~cal Reynoldsnumbers,to flattend
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thebowshocktoreducevorticity,andtoreducethephysicalextentof
r.

thetransonicregionwasarrivedatbyHillin1955.It seemedthatthe
naturallylowerReynoldsnumberperfootoftheflowontheflatface h
wouldpermita longerphysicalrunoflamlnarflow;inaddition,themore
rapidgrowthof areawithdistancefromthestagnatio~pointontheflat
faceas comparedwiththatonthehemispherewouldtendto thinandsta-
bilizethelaminarlayer.Theflatfacewouldservetoreducetheextent
ofthetransonicflowregionalso,sincetheflowwouldtraversethecom-
pletefacebeforereachingthesonicline.Regardlessof any stabilizing
effectsontheboundarylayer,theflatfacewouldhavea lowervalueof
thevelocitygradientalongthesurfacenearthestagnationregionthan
wouldthehemispherebecauseofitslargerradiusof curvature,andthis
decreaseinvelocitygadientwouldresultinlowerheattransferon the
flatfaceforeitherlsminarorturbulentboundarylayers(seeref.3).
A preliminarytestina jetproducedby anacid-amnoniarocketmotor
witha flat-facemodelverifiedthesupericm’ityofthisshape.The
remainingquestionwassimplythatofdeterminingtheoptimumcorner

—

shape,andresearchprogramswereinitiatedforthispurpose.

Testresults.-Inorderto obtatia dfiectqualit~tivecomparisonof
theheattransfertohemispherical-faceendflat-facecylinders,models4

—

to 8 weretestedinthe4,000°F airJet. Thetemperaturesnotedinfig-
ure3(a)arethestagnationtemperaturesatthetimeofmodelentrance
intothejet. A decreaseoccursinstagnationtemperaturewith“blow- .
down”timeof10°to 15°F persecondasmentionedpreviouslyinthe
descriptionofthecersmicheatexchanger.Models4 to 6 weremadeof
stainlesssteelandconsistedofa hemisphere,a flatfacewithrounded

0

corners,anda flatfacewithsherpcorners.Thehemispheremodelstarted
to burnandtomelttiabout12 seconds;theflat-facemodelswererela-

tivelyundamagedafterabout2~timesthatperiodoftimeinthejet.

Similarhemisphereandrounded-cornerflat-facemodelsweretie of cop-
pem(models7 and8). Forthesemodelsthehemispherestartedtomelt
in11.3 secondsandtheflatfacestartedin20.8seconds.Againthe
flat-facemodelsufferedlessdsmagethanthehemisphereaftera longer
timeinthejet. Figures3(a),(c),and(d)showtheappearanceof
models4 to 8 afterthetest;therelativeheattransferas indicatedby
therelativedamagetothemodelsisquiteevident.Evenaftermorethsm
30 secondsintheJetthecornersonmodel6 appeartohavesufferedno
damage.Thecomparativetimestomeltforthecoppermodelsindicate
thatthegeneralleveloftheaerodynamicheatingontheflatfaceis
aboutone-halfthatonthehemisphere;thisdifferenceinaerodynamic
heatingisin qualitativeagreementwiththetrendsnotedinsomerecent
theoreticalworkbyVanDriest(ref.3)=

Generalobservations.-Thelackofdmnagetothesharpcornersof
model6 maynotcontinueat anglesofattackotherthanzero.Inthe
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preliminarytestsof a flat-facecylinderina 3,900°F jetproducedby
anacid-smmoniarocketmotor,somedamageoccurredtotheshsrpcorners
whenthesupportstrutloosenedandthemodelassunedan angleof attack
of about5°. Thisisoneoftheparticulsxpointsof concernwhich
requiresmoreresesrch.UnpublisheddataattheAmesAeronautical
Laboratory(followingtheinvestigationreportedinref.4)indicatethat
theflat-facemodelsmayhavelessdynamicstabilitythanhemi.spherical-
facemode~ and,thus,maybemoresusceptibleto increasedheathgdue
to sngleofattack.

CONCIJJDINGREMARKS

ltromsomeexploratorytestsina 4,000°F supersonicairJetit
appearsthatgraphiteoffersconsiderablepromiseasa heat-sinkmaterial;
theeffectivenessofthegraphitecanapparentlybe increasedby impregna-
tionwithothermaterials.Similsrtestsindicatethattheaerodynamic
heattransferto flat-facecylindersisappreciablylessthsnto
hemispherical-facecylinders.Theseresultsarequalitativeinnature
andcontinuationofresearchtoprovidemorequantitativedataonboth
thematerialsandnose-shapeproblemsisdestiable.

LangleyAeronautical.Laboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,September17,1956.
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L-93426.1Figurel.-Generalarrangementof laboratory-scaleceramic-heatexc~er.
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Models1,2&3

Model6

Radius
\

Models5& 8

$ Radius~

Figu?e2.-Sketch

Models4&

ofmodels.
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(Alldimensionsareininches.)
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Model1 Wdel 2 Model3

Material 1018-I.o25steel 3478z&r#sB “- AGR&aphite
Timetomelt 3 eec
The in Jet

-—
7.3 sec 11.5 sec 17.0sec

OriginalShape

TB~ = 3,hO” F (73 0= m

Model4 Mcdel5 :“ Model6

Material 3ky+&s&ess 347stainless‘“ 347stainless
Timetomelt . --- ---
Timein jet 13.6sec z“23.Tsec “- ““ 33.1 sec

(mu out of film)

.,. , .... . . ... .. ..
,.-.qti ..- .“* +.. *

. . . . . ,. .::

OriginalShape

Tstw = 3,~0 F am

Model7 Model8

Material Copper .-
Timetomelt

Copper
11.3aec

--
x).8 sec

Timein jet 13.8sec = 21.5 sec

. —

.
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(a)Models1 to8.
L-95279

Figure3.- Modelstested.



Model1 Model2 Model3

(b) Models 1, 2, W 3.
L-95278.1

F@me 3.-Continued.
U
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